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Ensuring Quality-of-Service (QoS) in
eMBB-URLLC Co-existence Scenario

Yan Kyaw Tun and Choong Seon Hong
Department of Computer Science and Engineering, Kyung Hee University, Yongin-si, Gyeonggi-do 17104, Korea
email:{ykyawtun7, cshong} @khu.ac.kr

Abstract

In this work, we propose a resource scheduling optimization problem to ensure quality-of-service (QoS) in a dynamic
multiplexing scenario of URLLC (Ultra-reliable low latency communication) and eMBB (Enhanced mobile broadband) services.
The services requiring high bandwidth such as augmented reality and video streaming are classified as eMBB traffic, whereas
services like remote surgery and autonomous driving that demand sub-millisecond latency with minimum error rates are
classified as URLLC traffic in 5G New Radio (NR). We characterized these services for a dynamic multiplexing scenario,
where we target to ensure the stringent requirements of URLLC traffics while guaranteeing the data rate of eMBB users.
To that end, we formulate a resource scheduling optimization problem with multiplexed eMBB-URLLC services. Here, we
consider a puncturing technique that allows URLLC traffic to schedule over the ongoing eMBB transmissions. Next, we
investigate the problem of Resource Blocks (RBs) allocation to eMBB users with a 2-Dimensions Hopfield Neural Networks
(2D-HNN) formulation. Simulation results show the efficacy of our proposed method, in terms of fairness and achievable data rate.

Keywords — 5G New Radio (NR), eMBB, URLLC, resource scheduling, Neural Networks.

I. INTRODUCTION

The upcoming 5G networks expects unprecedented surge
of heterogeneous cellular services. Specifically, the services
requiring stringent latency requirements, and those demanding
high data rate will dominate the upcoming mobile networks.
However, in the existing network, it is almost impossible to
ensure both of these requirements at the same time [1]. This is
due to the fact that the current network architecture primarily
focuses on maximizing the overall network throughput, using
long packets. In doing so, to ensure ultra-reliability, a way
would be to use short packets [2]; however, it dramatically
reduces the data rate. Thus, the challenge to efficiently manage
radio resources for fulfilling QoS requirements of the these
diverse upcoming services remains.

In 5G New Radio (NR), new features classifying these
peculiar services are defined based on their requirements [3].
The services are characterized as: (i) enhanced Mobile Broad
Band (eMBB), (ii) massive Machine Type Communications
(mMTC), and (iii) Ultra Reliable Low Latency Communica-
tions (URLLC). The services requiring high bandwidth such as
augmented reality and video streaming are classified as eMBB
traffic. Basically, eMBB is characterize like internet access
service, similar to an extension to Long Term Evolution-
Advanced (LTE-A) [4]. The services characterizing sporadic
nature of traffic, such as with Internet-of-Things (IoT), in
particular, like sensing and monitoring services, is defined as
mMTC. It can be considered as narrow-band internet access
where the nodes are active for a short time interval. Similarly,
services like remote surgery and autonomous driving that
demand sub-millisecond latency with minimum error rates
are classified as URLLC traffic. For an example, reliability is
defined as (1—1075) success probability while a user transmits

a Protocol Data Unit (PDU) of 32 bytes within 1ms [5]. This is
defined as QoS requirements of URLLC by the current 3GPP
standards.

In this work, we employ puncturing techniques, which is
one of the approach to deal with the stringent requirements
(i.e., in terms of latency and reliability) for spectrum man-
agement in 5G NR to satisfy URLLC [6]. This method is
concurrent to the standards set by 3GPP report, where URLLC
traffic needs to be immediately transmitted for meeting their
QoS requirements [7]. We consider the coexistence of eMBB-
URLLC traffic, where under the puncturing mechanism, the
5G NodeB (gNB) will drop ongoing eMBB transmissions
to satisfy QoS requirements of URLLC traffic in the up-
coming time slot. The dropped eMBB users because of
puncturing will be rescheduled [8], [9], [10]. To that end,
we formulated a resource scheduling optimization problem
with multiplexed eMBB-URLLC services. We adopted our
proposed 2-Dimensional Hopfield Neural Network (2D-HNN)
solution [11] to solve the formulated problem. In doing so,
we use Cumulative Distribution Function (CDF) of the random
URLLC traffic to relax the chance constraint to a deterministic
linear constraint in the optimization problem.

II. PROBLEM FORMULATION

We sequentially tackle the problem of resource scheduling
and allocation in this section. In doing so, we first define the
RB allocation formulation to derive an eMBB scheduler. Next,
we consider the multiplexing scenario, where we consider
the QoS constraint and latency requirements of both eMBB-
URLLC services. Here, a neural network based eMBB users
scheduling strategy is adopted, following our earlier work
[11]. Furthermore, also relax the chance constraint to derive
solutions for the scheduling problem.



We consider K € K eMBB users available within a time-
slot T" and a set of URLLC nodes U C K requesting services
in frequency-time slot. B is the effective bandwidth in each
slot, which is further divided into mini slots (Z,,) such that
resource fp(t,) = B/n, for n > 0. Furthermore, f,(t,,) is
quantize into N levels. Then, z,,) v € {0,1} denotes the
RB association variable such that f,,(t,) = =¥ (t,,) - N, for
each associated user k.

A. Resource Blocks Allocation to eMBB Traffics

The instantaneous rate for an eMBB user k at time slot T’
is given as

b= 2 ey Totm)Ti (b)) 20, v 08 <1 + DRk
VN e N,

PelG|?
N, ’

(1)
where f(tm)@h (tm)Zk(t,,),N is the total spectrum allocated,
pr is the transmission power, |G%|? is the channel gain
between user k and the base station, and NV, is the noise power.
Then, following (1), the rate of all eMBB users in time slot

T is
B ZkEIC ZNGN Fo(tn) 2y (b T2, N
2 2
- logsy <1+ pk'ﬁkl ) ,Vke K, Ne N

such that -, fo(tm)2h (b)) The, ) N < B.
In this regards, we can define the average data rate for user
k up to time ¢ as

Ri(t) = CRi(t — 1) + (1 = ORL(1) ©)

where ( € [0,1]. Therefore, the optimization problem for
eMBB scheduler can be formulated as

e(r
Max Z M
< ke [Ry(T))e
Cri) Ty S L VhEK
Cy: Th(t,),N € {0, 1}, Vk e K,N € N.
where the constraint (4)C; ensures that each RB is allocated

to only one user at a time. The solution of (4) is the allocation
matrix x with each element defined as

1, if N € Ng;
x =
k(tm),N 0, Otherwise,

where N}, is the set of all RBs allocated to the eMBB user k.
For shorthand representation, we will use xg n for ) N
hereafter.

S.t @)

&)

B. Resource Scheduling Mechanism for eMBB-URLLC Traf-
fics

In a scenario of dynamic multiplexing between eMBB-
URLLC traffics, we assume that the impact of eMBB traffic
to punctured resources by URLLC traffic is proportional [12].
Consider 1% is the level of punctured RBs within a time slot
T of eMBB user k i.e., the impact on the data rate of eMBB
users.
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Fig. 1. CDF of the total data rate at o = 1.

Let the arriving URLLC traffic load during time ¢ is charac-
terized by the random variable X (¢). Then, the corresponding
outage probability of URLLC traffic is defined as

P(0) = P(R% < X(t))

where % is the instantaneous rate of URLLC traffic i.e.,

PIY ko 4 PulGul® <XW|. @
kek 1w o2 N,

Therefore, the proposed scheduler aims at maximizing the total

data rate of eMBB users while satisfying the latency stringent

constraint of URLLC traffic as follows:

M X e (el o — )

2
-log2< pk|Gk| )

Cy: P(R}: < X
: N
Ca: Zkelc M < fn( m)T (tm)Te,N, VK €K

where (8)C'; characterizes the maximum outage probability of
the URLLC traffic, namely the reliability level with the prob-
ability value e. Constraint (8)Cy ensures that the proportion
of resources to the URLLC load is no more than the allocated
resources for eMBB users. In order to obtain a close form
solution for the optimization problem, we first need to relax
the chance constraint (8)C;. Then, we solve the problem by
using 2-Dimensions Hopefield Neural Networks (2D-HNN).

(6)

P(0) =

(8)
S.t

III. SIMULATION RESULTS

We evaluate the performance of our proposed solution
approach in terms of achieved data rate and fairness. For this,
we consider 10 eMBB users with different channel states. In
each time slot, we consider that 100 RBs are available, and
each RB is 180 kHz. Note that 5G NR permits a large number
configuration varying from 15kHz to 480kHz. We will present
them accordingly in this section.

In Fig. 1, for the different values of reliability metrics € at
o = 1, we evaluate the CDF of the total data rate of all eMBB
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users. It is observed that a higher value of e will limit the
puncturing to satisfy URLLC reliability requirements. Thus,
we see the increase in the overall sum rate for eMBB users. On
the contrary, smaller values of e means that we provide higher
priority to the URLLC reliability constraint. Consequently, we
observe the drop in the data rate of eMBB users as more
resources are punctured.

Next, we use different values o and the reliability level of
URLLC load ¢, and evaluate the performance of the proposed
mechanism following hopfield neural network solutions, as in
[11]. We calculate the long-term data rate of all eMBB users
and fairness among them for different parametric values o and
€. We use Jain’s fairness index [13] to evaluate the fairness
amongst the users which is given as

(X T)?
f(Th, . T = ——. 9)
2y T?
=1

The value of Jain’s fairness index lies within the interval [0,
1], i.e., around 0.95 for o = 1, i.e, the system’s fairness index
is 0.95 which means that it is 95% fair).

IV. CONCLUSION

In this paper, we have studied a resource scheduling
mechanism to ensure quality-of-service (QoS) in a dynamic
multiplexing scenario of URLLC (Ultra-reliable low latency
communication) and eMBB (Enhanced mobile broadband)
services. Here, the scheduled eMBB traffic is punctured by
URLLC traffic to fulfill its stringent latency requirements.
In doing so, we have defined the RB allocation formulation
to derive an eMBB scheduler that maximizes the overall
sum-rate of eMBB users. Next, we have considered the
multiplexing scenario, where we have the QoS constraint and
latency requirements of both eMBB-URLLC services. We
have solved the resource allocation problem with a modified
2D-HNN. In doing so, we have relaxed the chance constraint
problem to a deterministic constraint using the CDF of the

arrival URLLC traffic. Using the comparison results, we have
demonstrated the efficacy of our proposed mechanism, where
we have highlighted the impact of QoS constraints upon
overall sum-rate of the network.
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in BIP 141
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block height numeric £5 &0 Ao HEZOIS we ygo] 7=
block hash string Bz Azt first receive time string | BEg 2E YA
nTx numeric ENAA TN o ) Ao 2 B E QS whe 1) go]
- 5 last receive time string b b )
tx array of string | EdAA id g2rE 159 E53 85 AR
bit tri 29 bits #
' '1s snng' E-29] hits %k %92, 2 doly
difficulty numeric L2 44 dolx
X e N
nonce numeric 55 v EWAN golE T2 ¥ 33 2t) EdAN golgoAs EdAM
: : EECRDV DS H A - o ) s _ -
Zmest@p numeric | %3 *iﬁ *h} 1C %) o 428 FAR AHE FAES BAT £ 9lvh EANN A
te ti ri nE Y IR . . .
: aebl m}fh h Sine d] - = i F22% 'vin address list’ I A g91et 4= Slth J4F Faul HIER
tri A4 EE S N . .. s
prEvions Do X il il 919 H2¢ o] 7128 ERAA(vin AR L ‘vin tx st 3
next block hash string oS B2 g4 o
oA gelgt &= Qlrk
¥ 1. 8EFQ] EF vojHTx
Name Type Description
] o o - txid string EdAA id
EYQAA dolg Y AN ARE gL 44 27 Ya £4% EE 4 _ _ EdAo] EatEojgl
o)Al BE ulo|H 9 tx9 txid9} getrawtransaction RPC WA =2 block height numeric vz Az
ol g3 Z EdAAY A ArE - At vin address list | array of string | ENAA 98 Fi fiE
EWAA A ARE o] g3 ERAA Ao AHEH AT FAE vout address list | array of string | ERAM %8 F4 f2E
%20 dlolelo]) AT 2 vlolel 7EE X 29 2. 54 dlo]] © s e de
Wiz 2t 2.9 94 H] EZQIBTC) 7o) Aug selg & Aok = R
Z:fl', T ]011‘34 list’ =+ ‘vout tx list {5]'30“}\1 —Zriﬂ' 7‘3'01 ]fﬂoﬂk]“ :l% 7‘4 e J’ o 7o Xlg'oﬂ 4—‘?7:5} E]—%- EVS- !
s e cadise zwﬂz;} Tk 2 ATANE U BB gy g 70 2a A ge Age] S0 T g 2aE 2e
olg = 5 = Z)7F ZAE Lo )7t g E=A - . s N
o UH FAE AL RS AN FAE ZEARIN WL TE g 2 sptolh WA, F4 A0 224 vlold vin tx list B2
2 Z=A30Z vin tx list & FZ3)
4 Go[E]
{
address: "12V3D1ytYGZgYTgmuNh8JILAiKMF9chUoDd" A

balance: 0.0

send value: 50.0
receive value: 50.0
vin nTx: 1

vout nTx: 1

vin tx list: [

‘
{

}

1

vout tx list: [
{

“height" : 1296,

“time" : "2009-01-22 00:05:34",

"txid" : "59bf8acbc9d60dfae84labecc3882b4181f2bdd8ac6c1d94001165ab3aef50b0" 7
“value" : 50

"height” : 320,

“time" : "2009-01-13 11:30:18",

"txid" : “"6a7lcealcde66eal63932bleal99cl056F6728F3e1287946ed2a0892b918bF0e,
“coinbase” : "yes",

"value" : 50

% 7. 54 Fash 2E Al 49 o A% 7

_5‘]_

Eaj

44 HlolE

{
txid: "59bf8acbc9d60dfae841abecc3882b4181f2bdd8ac6c1d94001165ab3aef50b0"
/block height: 1296
vin address list: [
"12V3D1ytYGZgYTgmuNh8JLAiKMF9chuoDd",
"1CsZEWqUK9SGEEXglmyxPEqUVOSbCVVazs”
"19NaaYCw1UBQd2gFfc77bKnVe sA5d7fFzM",
"15EtolLeCTkZGkPwr3H2BS8NulyadfeEH8" ,
"1qvpfIXzAzKIvkbBFRVE tNZw6yU31lorDL",
"1HG3byV85t3wiZ4uazZIvntRQT2Rmwarbm",
"1KtqdujHAwk8Utk1AGzCCq2aFBRbdkMeh7" ,
"1HaEeDfAWeo4hop jYMAX1At75uhY614C9X™ ,
"1DGgqqQHfWGX28F zenC2DgqX2fzgU9ourQ” ,
"19QiFoYFBf8bo6STnvdCD21ASskDGkpasSQ™
]
vout address list: [
"12higDjoCCNXSA9 SxZMWUdPvXNmkAduhWy
1
}
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mining . .
index mining address
AE AL A2 E53 99 B9 A@ Fholth AUAx & block
g] H FE oﬂ }\1 01 Lﬂ 3l vin E X }{:l « HL}g ] ok }}];} o].x] ‘ﬂ', 1 419 19CKF SEiHB5UV ah3fvZD17qk48m82TfApS
9‘:& —‘é— /] ZH% _zr_ 2= }\1 = E}E 57H /] Zag H] == ?l 3 ;(_] ?,5\;\5]' 2 528 120RSUW6UV YNCUK8yyrFvbpbJw7uia3lsA
- 3 651 14nELE; SNU3BKi5D734ysFuVUCE]LW;
(% 599 vin EQAH W), > gL ONUIBRIDT sV UCEL Wi
4 685 1ADTuxdhYePCWIPEVKCKnib6jmbg6mKXdz
9 5 752 1DdhxvYwVmUP4xcWaquUnmZ177HVeUT2L
“ 6 803 1DCcZbNtttndh6tvoK8xR TBSBUMAL51al
7 819 17LDnEt8gg ViH43QdjhZAFhkXC9zXgk48b
360 8 842 18QQUbHJhyzFDVKhEHPhHFZF3qdBmp74eB
170,10BTC  181,10BTC  182,1BTC 183, 1BTC 248,10BTC 9 869 1CbDYwNDpSaASFVmCf2Z95kjkMCgoBr2X8
N o Ny
I:i‘ i“ “ 10 966 1AoWi2xSyQoWuxrYrdrlPPVioPx A8caNGC
- = BE B 11 1042 1HQkgckTBytqaGmwyQga TUsaptuZ7qFi
! 187, 1BTC ; 54 2
v : gC ytgabmwyQga TUsap! qriyp
3 Z2i181C D 12 1063 INdLg6FNKyFXyRfmFssWADSgaWRzsc YXUg
It ’ 13 1153 1BSgXqBzNHFfdqRHBPzLD23CFXpzhgpRrb
— 496, 61BTC
— T 14 1195 1GSAXEQEW7st7prSuz89x6DjKECLUFSDCJ
61
15 1233 1AHJbmcNpaxrgwDcl2XFXnUSfpEDSksSiH
16 1316 13evw]tdkEp2wemvoxtqE7mE6probFrbxw
=] 40, UTXO = XBTC
i : G 52 BTCS Has 17 1376 14DFY3Rsdr]5U6CCgatYssM2gKAiyBm4mE
X Fha UEFA £ S %8
18 1471 1Jy5dQmet2xg1Pk5VYZEZ2hSWu8StK6aQWZ
i TN BRI R 19 1525 1BoBh9JKnHV1JAy2GSALeA3yHyN6ra2E
[Vt xa0004 3402 mBTC 33, HE EmM0| EyE 22 Me 20 1614 1B2EgNLF;7hoSW]JupZLQrGMd2unu8doTjc
[ vy zeaumzab=zernzza E 4. TR49] EdAA A9 gy T AR
a9 8 M AE FoE WESIS W
MZ O 479 F4 EdAR 1Y
9 685 a19 528 752 1474 1525 1614
50BTC SOTC 5ot|3Tc 5o||aTc SOTTC squTc scérc SOI‘!TC
<---| 18,4376 | o ‘ ‘ o 0 ‘ 0 ‘ 0 0 0
O
170,10BTC |
2518, 1000BTC
4__.@_ TR o 5 483759, D.OMZBTC—'II
3510, 1000BTC
264192,0.013BTC 292518, 0.02BTC 480860, 0.001BTC
E @ B -
Y FA A2 BTCE HS3IX §8
IND— %) == Nel Coinbase Tx, O X2 4 a

19 9 Har Finney 9] 4

1) txid: 4184fc596403b9d638783cfH7adfedc75c605{6356fbc91338530e9831e9e16
) 12cbQLTFMXRnSzktFkuoG3eHoMeFtpTu3S
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. mining .. Used e
index mining address Input txid List
block block
170 1 | f4184fc596403b9d638783cf57adfedc 75c605(6356fbc91338530e9831e9e16
181 2 | al6f3cedddddeb92d98ef5ct8ateaf0775ebcad08f708h2146¢4th42h4lel4be
1 9 12cbQLTFMXRnSzktFkuoG3eHoMeFtpTu3S 182 3 | 591e91£809d716912cald4a9295e70c3e78bab077683f79350f101da64588073
183 4 | 12b5633bad1{9c167d523adlaal 947b2732a865b5414eab2f9ebaebd5e191ba
248 5 | 828ef3b079f9c23829c56fe86e85b4a69d9e06e5h54eadd7eefbb3ffef509fe
2 78 1AiIBYt8XbsdyPAELFpcSwRpud5eb2bArMf 130667 6 | 5c85ed63469aa9971b5d01063dbb8bedafd412b2f51a3d24abf2e310c028bbf8
3 235 1PmhUgoVLtTgdevfilewwSTvPvFC67bCQs 94012 7 | e8160a014fbff8386548f40205d540ef92ce8207ff4ac0446d6e591c6ef28f2¢
4 268 1DNdPgBZRW;jDj1JbVZQEYMv7jvqJF7R4Py 586 8 | 4d6edbeh62735d45£f1565385a8b0045f066055c9425e21540ea7a8060f08bf2
5 286 1Jhk2DHosaaZx1E4CbnTGcKM7FC88YHY V9 524 9 | d71fd2f64c0b34465b7518d240c00e83f6a5b10138